This study was designed to evaluate whether different antihypertensive treatment regimens with similar blood pressure reduction have different effects on new-onset atrial fibrillation (AF). BACKGROUND It is unknown whether angiotensin II receptor blockade is better than beta-blockade in preventing new-onset AF.
Atrial fibrillation (AF) is associated with increased cardiovascular risk, and the incidence of AF is increased in patients with uncontrolled hypertension (1) (2) (3) . Antihypertensive treatment reduces new-onset AF. However, it is unclear whether there is difference in risk of new-onset AF with different antihypertensive drugs. To our knowledge only one study in post-infarct patients suggests that reninangiotensin system blockade, compared to placebo, reduces
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new-onset AF and helps maintain sinus rhythm (4) . As this was a placebo-controlled study, it is not known whether this outcome was a result of blood pressure reduction per se or a direct effect of renin-angiotensin system blockade. Several animal and human studies suggest antiarrhythmic properties of renin-angiotensin blockade, but none address whether the beneficial effect is independent of potential blood pressure reduction by angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers (5) (6) (7) (8) (9) . Furthermore, although AF is a frequent complication of hypertension, there is little evidence that choosing what many regard as first-line therapy, beta-blockade with combined antiarrhythmic and antihypertensive properties, is better than other antihypertensive treatments in preventing AF (10) . One striking result of the Losartan Intervention For Endpoint reduction in hypertension (LIFE) study was a 25% reduction of fatal and nonfatal stroke by losartan-based treatment. This result was in part explained by a 45% lower rate of stroke (24.1 vs. 46.5 strokes per 1,000 patient-years of follow-up) on losartan treatment in patients with a history of AF (11) , but could also reflect benefits of reduced new-onset AF.
The present study was undertaken to determine whether selective angiotensin II type 1 receptor blockade with losartan was more effective than beta-blockade with atenolol in reducing new-onset AF and associated cardiovascular events in hypertensive patients with electrocardiographic (ECG) left ventricular (LV) hypertrophy.
METHODS
The LIFE study was a prospective, randomized, doublemasked, parallel group study (n ϭ 9,193) with doubledummy technique that evaluated the long-term effects of losartan-compared to atenolol-based antihypertensive therapy in patients with hypertension and ECG LV hypertrophy on cardiovascular morbidity and mortality. The main outcome (12) and the complete study protocol with study design, organization, clinical measures, exclusion criteria, basis for choice of comparative agents, statistical considerations, and baseline characteristics (13, 14) have been published. We have reported a lower rate of cardiovascular events with losartan-compared to atenolol-based treatment in 342 LIFE patients with AF before or at study baseline (11) . The remaining 8,851 patients with ECG-documented sinus rhythm at baseline and no history of AF who were at risk of developing AF during the study are the focus of this study (Fig. 1) .
As previously described, patients ages 55 to 80 years, having previously treated or untreated hypertension and ECG signs of LV hypertrophy (12) were randomized to initial therapy with 50 mg/day of losartan or atenolol after one to two weeks taking placebo if they had sitting systolic blood pressure 160 to 200 mm Hg and/or diastolic blood pressure of 95 to 115 mm Hg. In both groups, hydrochlorothiazide was added in case of insufficient pressure lowering. Thereafter the study drug was increased to 100 mg/day and supplemented with additional antihypertensive therapy in order to reach target blood pressure of Ͻ140/90 mm Hg. Patients were enrolled from June 1995 to May 1997 and were followed Ն4 years (mean 4.8 years) with regular visits. Sitting blood pressure was recorded 24 h postdose (range 22 to 26 h).
New-onset AF was identified from annual in-study ECGs that underwent Minnesota coding for AF at a single ECG core center (13) . Care of the patients with new-onset AF was left to the discretion of local investigators. After the stopping date in September 2001, patients had a follow-up clinic visit or at least vital status check within six weeks. Laboratory tests were carried out at two laboratories that assured comparability of measurements by cross-validation.
Echocardiographic assessment of baseline LV systolic function and valvular disease was obtained in approximately 10% of study participants (15, 16) . End points and adjudication. This report in 8,851 patients (more than 96% of the entire LIFE population) is based on analysis of a primary composite end point (n ϭ 993), which is the first occurrence of cardiovascular death, fatal or nonfatal stroke, and fatal or nonfatal myocardial infarction. Additional end points included all-cause mortality (n ϭ 735) and the first occurrence of each component of the composite end point, whether or not preceded by another component of the primary end point, including 380 cardiovascular deaths, 485 strokes, and 367 myocardial infarctions. All end points were reported by investigators, source data verified by independent monitors, and adjudicated by an independent committee on the basis of prespecified definitions (12 Variables without significant effects were eliminated before developing multivariate models. Multivariate analyses were then performed using Cox regression models with inclusion of remaining variables to identify those independently associated with the end points. Two-tailed p Ͻ 0.05 was considered significant.
RESULTS
Patient selection and characteristics. Of 9,193 randomized patients, 8,851 patients remained after exclusion of those with AF by history or by Minnesota coding of the baseline ECG ( Fig. 1) . Rates of new-onset AF in strata defined by baseline characteristics are given in Table 1 , dichotomized at median values of continuous variables for display purposes.
In the subset of LIFE echocardiography patients without AF by history or at baseline (n ϭ 911), there were no differences in prevalences of aortic or mitral valve disease (data not shown), LV ejection fraction (61 Ϯ 9% vs. 61 Ϯ 8%, p ϭ 0.889) or left atrial size (3.9 Ϯ 0.6 cm vs. 3.9 Ϯ 0.6 cm, p ϭ 0.752) between losartan-and atenolol-treated patients, respectively.
Patients treated with losartan had, compared to those receiving atenolol, similar baseline characteristics ( Table 2) and reductions of systolic (Ϫ28.5 Ϯ 18.9 mm Hg vs. Ϫ27.3 Ϯ 19.3 mm Hg), mean arterial (Ϫ20.0 Ϯ 11.5 vs. Ϫ19.7 Ϯ 11.5), and diastolic (Ϫ15.8 Ϯ 10.1 mm Hg vs. Ϫ 15.9 Ϯ 10.0 mm Hg) blood pressure, but had more reduction in ECG LV hypertrophy by Cornell voltage-duration product (Ϫ268 Ϯ 820 mV·ms vs. 122 Ϯ 872 mV·ms, p Ͻ 0.0001).
There were no differences at baseline or during the study in concomitant treatment with class IA-IC or III antiarrhythmic drugs, digoxin, or non-dihydropyridine calcium channel blockers between losartan-and atenolol-treated patients (data not shown). However, atenolol-treated patients were more likely to receive anticoagulation therapy (5.3% vs. 7.7%, p Ͻ 0.001). New-onset AF. New-onset AF occurred in 150 losartan-(6.8 per 1,000 person-years of follow-up) and 221 atenololtreated patients (10.1 per 1,000 person-years of follow-up, HR ϭ 0.67, 95% CI 0.55 to 0.83, p Ͻ 0.001). Adjustment for differences in LV hypertrophy by Cornell voltage duration and Sokolow-Lyon criteria and Framingham risk score had only minimal effect on the reduction of new-onset AF associated with losartan (Fig. 2) . Furthermore, patients taking losartan tended to stay in sinus rhythm longer from baseline (1,809 Ϯ 225 vs. 1,709 Ϯ 254 days from baseline, p ϭ 0.057) than those taking atenolol. New-onset AF and outcome. Cardiovascular morbidity and mortality was more frequent in patients with new-onset AF than with persistent sinus rhythm ( Table 3) . Patients with new-onset AF had an approximately twofold increased risk of cardiovascular events, about threefold higher risk of fatal or nonfatal stroke, and fivefold increased rate of hospitalization for heart failure (HF), even after adjustment for covariates.
Although patients with new-onset AF treated with losartan versus atenolol had similar baseline characteristics (Table 2) , losartan-treated patients with new-onset AF had a 40% lower rate of subsequent composite events compared with atenolol-treated patients (n ϭ 31 vs. 51, HR ϭ 0.60, 95% CI 0.38 to 0.94, p ϭ 0.03). There were substantially fewer subsequent strokes (n ϭ 19 vs. 38, HR ϭ 0.49, 95% CI 0.29 to 0.86, p ϭ 0.01), a trend toward fewer myocardial infarctions (n ϭ 9 vs.16, HR ϭ 0.60, 95% CI 0.25 to 1.27, p ϭ 0.16) and no difference in cardiovascular mortality (n ϭ 14 vs. 14, p ϭ NS) in losartan-and atenolol-treated patients with new-onset AF. In contrast, atenolol-treated patients with new-onset AF had fewer hospitalizations for HF (n ϭ 20 vs. 30, HR ϭ 0.43, 95% CI 0.25 to 0.76, p ϭ 0.004) and a trend toward fewer sudden cardiac deaths (n ϭ 2 vs. 6, HR ϭ 0.22, 95% CI 0.05 to 1.10, p ϭ 0.07).
In multivariate analysis that adjusted for differences in age; blood pressure; Framingham risk score; ECG LV hypertrophy; albuminuria; diabetes; and coronary, cerebral, and peripheral vascular disease, both new-onset AF (HR ϭ 2.31, 95% CI 1.70 to 3.14, p Ͻ 0.001) and atenolol treatment (HR ϭ 1.27, 95% CI 1.05 to 1.54, p ϭ 0.015) were independently associated with fatal and nonfatal stroke among patients free of AF at baseline. Prediction of new-onset AF. For each baseline characteristic, a univariate proportional hazards regression model was used to estimate the hazard ratio for new-onset AF and its 95% CI (Table 4) . Variables with significant associations (p Ͻ 0.05) were used to develop multivariate models. To identify the most important factors associated with development of new-onset AF, we developed four multivariate prediction models (Table 5 ). In the first model, which considered baseline characteristics, age was by far the most important predictor of new-onset AF, with each year of age associated with a 9% higher rate of new-onset AF. Age is followed, in order, by male gender (56% increase in risk compared to women), systolic blood pressure (6% increase per 10 mm Hg) and ECG LV hypertrophy by Cornell product (4% increase per 100 mV·ms). In an alternative 714 Wachtell 
model (data not shown) lower ECG LV hypertrophy by
Cornell product at the annual re-examination was predictive of less new-onset AF. Addition of study treatment to the second model (Table  5) indicated that randomization to losartan was associated with a 33% lower rate of new-onset AF, independent of other risk factors (p Ͻ 0.001). Addition of study treatment to the model left the other predictors of new-onset AF from the first model almost unchanged, documenting an independent effect of losartan treatment on prevention of AF. Additional models showed that age and male gender predicted new-onset AF within each treatment group considered separately.
DISCUSSION
This study is, to our knowledge, the first to show that one antihypertensive treatment regimen is more effective than another with equal blood pressure reduction in reducing new-onset AF. That losartan reduced the rate of new-onset AF by 33% compared to atenolol with similar blood pressure reduction is surprising, as many regard betablockade a first-line therapy to prevent AF as well as preferred treatment for rate-control in established AF (10) . In addition, patients receiving losartan-based therapy tended to stay in sinus rhythm longer.
Furthermore, our study demonstrates the clinical relevance of preventing new-onset AF, as it was associated with two-, three-, and five-fold higher rates of cardiovascular morbidity and mortality, stroke, or hospitalization for HF. New-onset AF was associated with increased cardiovascular morbidity and mortality even when taking additional risk factors, as summarized by the Framingham risk score and ECG measures of LV hypertrophy, into account. Furthermore, we found losartan-based treatment significantly reduced cardiovascular events in patients with new-onset AF, with the difference of 19 strokes between the treatmentarms in patients with new-onset AF, comprising about 25% of the 77 fewer strokes associated with losartan-versus atenolol-based therapy in the entire LIFE study (12) . However, patients with new-onset AF had fewer hospitalizations for HF when treated with atenolol than losartan. This might be explained by the fact that atenolol showed a better effect on LV ejection fraction in the LIFE echocardiographic substudy, associated with greater reduction in heart rate (18) . Of further interest was the trend toward a lower risk of sudden cardiac death associated with newonset AF in atenolol-than in losartan-treated patients. This is in contrast to findings in the LIFE trial's diabetic subpopulation (19) and merits further research. Our study extends previous reports suggesting that reninangiotensin system blockade by either angiotensinconverting enzyme inhibition (4, 20) or angiotensin II receptor blockade (9) reduces incident AF. In the TRACE study new-onset AF was reduced by 45% with trandolapril (4). A subanalysis of the SOLVD study reported that new-onset AF was reduced as much as 78% with enalapril (20) . However, both studies were placebo-controlled, and therefore superior antihypertensive effect of the study drug may have contributed to the lower rate of AF. Our study further supports this inference, as higher systolic blood pressure was an independent predictor of new-onset AF, underlining the importance of blood pressure control for prevention of AF.
Furthermore, the present results are consistent with our previous finding that LIFE patients with a history of AF benefited from losartan-based treatment, with 42% reduction of both composite end points and cardiovascular mortality and 45% risk reduction for stroke (11) .
Mechanisms.
One explanation for the added benefit of losartan in preventing new-onset AF and events associated therewith in hypertensive patients with LV hypertrophy could be parallel effects of losartan on regression of atrial and ventricular hypertrophy. Our data suggest that sustained LV hypertrophy is an important predictor of newonset AF. We have recently shown in the LIFE echocardiography substudy (21) that patients with LV hypertrophy also exhibit increased left atrial size, which has been associated with increased stroke risk in normotensive (22) and hypertensive adults (23) . The greater regression of ECG and echo LV hypertrophy with losartan-than atenolol-based therapy (24, 25) may have been paralleled by greater reduction of left atrial overload and dilatation, thereby reducing stimuli to new-onset AF. A recent animal study showed that angiotensin II receptor blockade prevented the promotion of AF by reducing atrial structural remodeling (5) . Furthermore, a recent study suggests that renin-angiotensin system polymorphisms are associated with non-familial AF (26) . Study limitations. Potential limitations of the study include the evaluation of an overwhelmingly Caucasian population from the Nordic countries, the United Kingdom, and the U.S. All patients had ECG LV hypertrophy and hypertension and were thus at high cardiovascular risk. On the other hand, our annual ECG sampling undoubtedly underestimated the incidence of AF and reduced precision of treatment effect estimates.
Although the analysis of AF was not prespecified in the 1995 LIFE study analysis plan, evaluation of treatment effects in the subgroup of patients with new-onset AF was a planned secondary analysis before study termination (September 2001) and unblinding. Furthermore, patients with new-onset AF were recruited for hypertension and ECG LV hypertrophy and randomization within patients with new-onset AF may not be balanced.
Because outcomes were analyzed by the intention-to- Conclusions. Our novel finding is that new-onset AF and subsequent stroke were significantly reduced by losartancompared with atenolol-based antihypertensive treatment with similar blood pressure reduction. Approximately 25% of the total reduction in stroke associated with losartan-as opposed to atenolol-based antihypertensive treatment in the entire LIFE study occurred in the subset of patients with new-onset AF. 
